Introduction

!
In the continued search for bioactive compounds from African Croton species, we investigated the phytochemistry of the endangered Kenyan Croton megalocarpoides Friis & M. G. Gilbert (Euphorbiaceae). C. megalocarpoides is a monoecious shrub or tree, growing up to eight meters tall in rocky places and is restricted to the semi-evergreen coastal bush lands or forests of East Kenya and South Somalia [1] . Taxonomically this species is related to Croton mayumbensis J.Léonard, Croton mubango Müll.Arg. and Croton megalocarpus Hutch., a plant that it is often confused with. All these species possess a grey scaly bark, their leaves are silvery beneath and produce tri-lobed fruits [2] . The Croton genus consists of over 1300 species of monoeceous and dioeceous trees, shrubs and herbs that are distributed worldwide with extreme diversity, especially in the West Indies, Southern Brazil, and Madagascar and are known for their ethno-medicinal value [3, 4] . C. megalocarpoides is one of the fifteen Croton species that occur in Kenya and there are no reports of any ethno-medicinal usage for this species. However, the stem bark and the leaves of the related C. mayumbensis are used to treat microbial infections and human parasitic diseases [5] and the leaf sap of C. megalocarpus is used topically in East Africa to treat bleeding wounds, as an anthelmintic agent, and for the treatment of whooping cough [6] .
Results and Discussion
!
In this study, twenty-two compounds were isolated from the roots of C. megalocarpoides including twelve new ent-clerodane diterpenoids (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) , a new abietane diterpenoid (13) , the known crotocorylifuran (4 a) [7] (l " Fig. 1 ), the two known abietane diterpenoids, isolophanthin A [8] and abietic acid [9] , four known ent-trachylobane diterpenoids, ent-3α,18-dihydroxytrachylobane [10] , ent-trachyloban-18-ol [10] , ent-trachyloban-18-oic acid [10, 11] , ent-3α-hydroxytrachyloban-18-al [12] and the triterpenoids, lupeol [13] and acetyl aleurotolic acid [14, 15] . Compound 1 was isolated as a colourless oil and was determined to have a molecular formula of C 21 H 28 O 5 from HR-ESI-MS. The IR spectrum showed absorption bands for the carbonyl group of an ester at 1713 cm −1 , and at 3430 and 1695 cm −1 for a carboxylic acid group. The NMR spectra confirmed the presence of a furanoclerodane structure by resonances attribut-
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The roots of the endangered medicinal plant Croton megalocarpoides collected in Kenya were investigated and twenty-two compounds isolated. Among them were twelve new ent-clerodane (1-12) and a new abietane (13) diterpenoids, alongside the known crotocorylifuran (4 a), two known abietane and four known enttrachylobane diterpenoids, and the triterpenoids, lupeol and acetyl aleurotolic acid. The structures of the compounds were determined using NMR, HRMS and ECD. The isolated compounds were evaluated against a series of microorganisms (fungal and bacteria) and also against Plasmodium falciparum, however no activity was observed. -alkene (C-3, δ C 137.6; C-4, 141.5). The corresponding H-3 alkene resonance (δ H 6.67, dd J = 2.5, 5.0 Hz) showed correlations with the C-5 (δ C 38.4) and C-18 (δ C 167.9) carbonyl carbon resonances. A correlation between a methoxy group proton resonance (δ H 3.69) and the C-18 resonance indicated the presence of a C-18 methyl ester. The relative configuration of compound 1 was assigned using the NOESY experiment. Unfortunately the H-10 and H-8 resonances were too close to see a correlation, but correlations were seen between the 3H-17/H-8, H-8/H-11 A (δ H 2.35), H-11 B (δ H 1.20)/H-10 and, H-10/H-1β resonances, as expected for a clerodane diterpenoid ( Fig. 1 S, Supporting Information) . A specific rotation value of [α] D − 61.5°was measured for this compound indicating that compound 1 belonged to the ent-series as with the reported ent- Electronic reprint for personal use clerodane, laevinoid [16] . The negative Cotton effect at 240 nm obtained from electronic circular dichroism spectroscopy further supported this assignment. 6 .83) resonances. These assignments were confirmed by the HMBC spectrum which showed correlations between H-1 and C-3 (δ C 133.2), C-5 (δ C 36.5), C-9 (δ C 48.0), and C-10 (δ C 43.9) and H-2 and C-3, C-4 and C-10 and between H-3 and C-1, C-2, C-5, C-18 (δ C 167.4) and C-19 (δ C 73.2). The relative configuration for compound 3 was the same as for compound 2 with correlations between one of the H-19′s (δ H 4.48, dd, J = 11.5, 1. Compound 4 a was found to be the C-12S epimer of compound 4 and was identified as the known compound crotocorylifuran. Crotocorylifuran was previously reported from the African species Croton zambesicus Müll.Arg. [7] and Croton haumanianus J. Léonard [17] . The NOESY spectrum for compound 4 a showed a correlation between the H-1α resonance (δ H 1.89) and the H-12 resonance (δ H 5.43, t, J = 8.4 Hz), confirming the 12S-configuration. Thus compound 4 was a new C-12R epimer of the known crotocorylifuran 4 a and was named 12-epi-crotocorylifuran. Compound 5, isolated as a white solid, was assigned a molecular formula of C 22 H 26 O 8 from HR-ESI-MS. The IR spectrum showed absorption bands that were similar to those of 4. The 1 H and 13 C NMR spectroscopic data for compound 5 were similar to those of 4 and 4 a, however, the 3H-17 doublet methyl proton resonance was replaced by a three proton singlet resonance (δ H 1.26, s) in the 1 H NMR spectrum and an extra quaternary oxygenated carbon was present in the 13 C NMR spectrum (δ C 72.7) which could be ascribed to C-8. Thus a hydroxyl group was placed at this position. The NOESY spectrum showed correlations similar to those observed for 4 a where the H-12 oxymethine proton resonance (δ H 5.39 t, J = 8.4 Hz) showed a correlation with the H-1α resonance (δ H 1.84, m), enabling the configuration at C-12 to be determined as S. No correlation was seen between the H-10 and 3H-17 resonances, hence the 3H-17 group was assigned as α as in compounds 1-7 and the hydroxyl group was assigned as β. Compound 5, 8β-hydroxycrotocorylifuran, has not been described previously. Compound 6 was isolated as a white solid and assigned a molecular formula of C 22 The NMR spectra differed from those of compound 6 in that the H-10/2H-1 AMX system was no longer present, and instead of one alkene proton resonance, two were present (δ H 6.76, br s, W 1/2 = 3.5 Hz; 6.86. br s, W 1/2 = 3.4 Hz) and two trisubstituted alkene double bonds were evident in the 13 C NMR spectrum (δ C 128.0, 131.6, 150.7, 155.5). The double bonds were placed at Δ 10,1 and Δ 3 as the two alkene resonances proton resonances both showed a correlation in the HMBC spectrum with a ketone carbonyl carbon resonance at δ C 185.9, assigned as C-2, which had been shifted upfield from δ C 198.0 in compound 6. The shielded chemical shift of this ketone carbon resonance was attributed to the extra conjugation in ring A and has previously been noted in the clerodane diterpenoid, crotonoligaketone, isolated from the West African Croton oligandrus [18] . The 1 H and 13 C NMR chemical shifts for ring B, the lactone and furan ring for this compound, were similar to those of compound 6 and crotocorylifuran. The NOESY spectrum supported the 12S configuration as in compound 4 a and 6. This compound was a new crotocorylifuran derivative, 1,2-dehydro crotocorylifuran-2-one (megalocarpoidolide D). Compound 8, isolated as a white solid, was assigned a molecular formula of C 22 H 24 O 7 from HR-ESI-MS analysis. The IR spectrum showed absorption bands that were similar to those of crotocorylifuran. The structure differed from compound 4 a in having a double bond at C-7. The 1 H NMR spectrum showed a vinyl methyl group proton resonance (δ H 1.66, t, J = 1.1 Hz, 3H-17), which showed correlations in the HMBC spectrum with the alkene carbon resonances at δ C 127.3 (C-7) and 130.6 (C-8) and a fully substituted carbon resonance at δ C 53.0 (C-9). The 12S configuration was confirmed due to the observed correlations in the NOESY spectrum between the H-12 (δ H 5.50, t, J=8.3 Hz) and the H-1α proton resonance (δ H 1.78). The structure of compound 8 was thus determined as 7,8-dehydrocrotocorylifuran. Compounds 9 and 10 were found to be C-12 epimers and their MS analysis indicated that both compounds had a molecular formula of C 22 H 24 O 8 . The IR spectra were similar with carbonyl stretch bands at 1748 and 1720 cm −1 . The 13 C NMR spectrum of compound 9 was similar to that of compound 8 but showed no resonances for the Δ 3 double bond and showed a ketone carbon resonance at δ C 200.9 (201.0 for compound 10). This ketone resonance was assigned as C-3 and a proton singlet (δ H 3.23) was assigned as H-4 with the corresponding C-4 resonance occurring in a downfield position at δ C 67.0 (δ C 67.2 for 10), due to adjacent ketone and ester groups. This assignment was supported by correlations seen in the HMBC spectrum between H-4 and the C- 
establishing H-4 as β and the methyl ester as α. Compound 9 was named as megalocarpoidolide E while compound 10 was named as megalocarpoidolide F. Compound 11, megalocarpoidolide G, isolated as a white solid, was found to be the 4β-hydroxy derivative of compound 9 and was assigned a molecular formula of C 22 C NMR chemical shifts followed patterns similar to those of compound 9 except for the presence of a fully substituted oxygenated carbon resonance at δ C 82.7 and the absence of a C-4 methine carbon resonance, which occurred at δ C 67.0 in compound 9. A proton resonance at δ H 4.20 (s) that did not correlate to any carbon resonance in the HSQC spectrum, was attributed to a tertiary hydroxyl group proton and showed correlations in the HMBC spectrum with carbon resonances at 201.9 (C-3), 171.3 (C-18), 82.7 (C-4), and 53.3 (C-5), hence a hydroxyl group was placed at C-4. The NOESY spectrum showed similar correlations to those observed for 9, with correlations seen between the H-12 resonance (δ H 5.47, t, J = 8.0 Hz) and the H-1α resonance (δ H 2.14), indicating the 12S-configuration. The configuration of the C-4 hydroxy group was assigned as β due to correlations seen in the NOESY spectrum between the hydroxyl group proton resonance and the H-10 (δ H 2.79, dd J = 4.8, 13.4 Hz) resonance. Compound 12, isolated as a white solid, was assigned a molecular formula of C 24 H 28 O 10 from its HR-ESI-MS. The 1 H NMR spectrum differed from that of compound 11 in lacking the C-3 keto group which was replaced by an acetate group (δ H 2.01, s, 171.3). A proton resonance at δ H 5.08 was assigned as H-3 and the HMBC spectrum showed correlations between H-3 and C-18 carbonyl carbon (δ C 173.2) and the acetate carbonyl resonance. As with compounds 4 and 10, the NOESY spectrum showed correlations between the H-12 oxygenated methine proton resonance (δ H 5.45, t, J = 8.9 Hz) and the 3H-17 resonance, establishing the configuration at C-12 as R. The C-4 hydroxy group proton resonance (δ H 3.82, s) showed correlations in the HMBC spectrum with the C-18, C-3 (δ C 70.5), C-4 (δ C 76.1), and C-5 (δ C 52.1) resonances and correlations were seen in the NOESY spectrum between 4-OH/ and H-10 (δ H 2.52) and, H-3β (δ H 5.08, t, J = 2.6 Hz), and H-3β/ H-1β and H-1β/H-10, thus confirming both its configuration as β, and also the α orientation of the acetate group at C-3. Thus the structure was determined to be the 3α-acetoxy, 4β-hydroxy derivative of compound 11 or megalocarpoidolide H. Compound 13 was obtained as a white solid and assigned the molecular formula of C 20 C. megalocarpoides is a rich source of diterpenoids. Twenty-two compounds were isolated from the roots of C. megalocarpoides including twelve new ent-clerodane diterpenoids (1-12), a new abietane diterpenoid (13), the known crotocorylifuran (4 a), the two known abietane diterpenoids, isolophanthin A and abietic acid, four known ent-trachylobane diterpenoids, ent-3α,18-dihydroxytrachylobane, ent-trachyloban-18-ol, ent-trachyloban-18-oic acid, ent-3α-hydroxytrachyloban-18-al and the triterpenoids, lupeol and acetyl aleurotolic acid.
Materials and Methods
!
General experimental procedures
Optical rotations were measured on a JASCO P-2000 polarimeter at 21°C and IR spectra recorded using a Perkin-Elmer (2000) spectrometer. 1D and 2D NMR spectra were recorded in CDCl 3 on a 500 MHz Bruker AVANCE NMR instrument at room temperature. Chemical shifts (δ) are expressed in ppm and referenced against the CHCl 3 resonances at 7.26 and 77.23 ppm for 1 H and 13 C-NMR respectively. The ESIMS were recorded on a Micromass Quattro Ultima LCMS with electrospray ionization and EIMS spectra were recorded on an Agilient 7890A instrument. Column chromatography was done using Merck silica gel 60 (0.063-0.200 mm) and Fluka Sephadex LH-20 as stationary phases. Analytical TLC was carried out using aluminium plates (0.25 mm) coated with silica gel (60 F254, Merck). Compounds were visualized under UV light at 254 or 365 nm, followed by spraying with 1 % vanillin-H 2 SO 4 spray reagent and heating.
Plant material
The roots of C. megalocarpoides were collected in July 2009 from the Kenyan Coastal region. The plant was identified at the University of Nairobi Herbarium in the School of Biological Studies and a voucher specimen, BN 2009/8, was deposited.
Extraction and isolation of compounds from Croton megalocarpoides
The root bark of C. megalocarpoides was air dried in the shade for 4 weeks after which it was ground into a fine powder. The fine powder (500 g) was sequentially extracted by cold percolation at room temperature with n-hexane, dichloromethane, and methanol (2 L solvent each, 24 h each). The extracts were concentrated using a rotary evaporator, combined and dried, yielding 9 g (1.8 %) n-hexane, 47 g (9.4 %) dichloromethane (DCM) and 16 g (3.2 %) methanol extracts. From the DCM extract, 30 g of extract was adsorbed onto 30 g silica gel and subjected to CC on a silica gel column (300 g, 5 cm diameter × 35 cm long). Fractionation was done using a solvent gradient starting with n-hexane and gradually increasing the polarity using ethyl acetate. The volumes of the fractions collected were 75 mL. The process was monitored using analytical TLC plates. Purification of the fractions was done using a DCM/diethyl ether solvent system of varying ratios to afford two phytosterols, sitosterol (4.5 mg) and stigmasterol (4.1 mg) and two triterpenoids, acetylaleuritolic acid (12.9 mg) and lupeol (3.6 mg) in addition to the following compounds: megalocarpoidolide A (1; 84.4 mg), megalocarpoidolide B (2; 6.7 mg), megalocarpoidolide C (3; 16.7 mg), crotocorylifuran (4 a; 58.8 mg), 12-epi-crotocorylifuran (4; 13.4 mg), 8β-hydroxycrotocorylifuran (5; 3.5 mg); crotocorylifuran-2-one (6; 3.5 mg); megalocarpoidolide D (7; 16.8 mg), 7,8-dehydrocrotocorylifuran (8; 5.1 mg); megalocarpoidolide E (9; 14.3 mg), megalocarpoidolide F (10; 38.5 mg), megalocarpoidolide G (11; 23.3 mg), megalocarpoidolide H (12; 50.9 mg), isolophanthin E (13; 10.9 mg), isolophanthin A (6.1 mg), abietic acid (4.3 mg), 3α,18-dihydroxytrachylobane (13.0 mg), ent-trachyloban-18-ol (4.1 mg), ent-trachyloban-18-oic acid (3.8 mg), and ent-3α-hydroxytrachyloban-18-al (6.5 mg). Table 1 13 C NMR chemical shifts for compounds (1-13, 4 a) 
Pharmacological assays
Antimicrobial activities: A modified CLSI (NCCLS 1998 and 2000) method as described by Samoylenko et al. (2009) [19] , was followed for antimicrobial assays. Ciprofloxacin (ICN Biomedicals; ≥ 98% pure) for bacteria and amphotericin B (ICN Biomedicals; ≥ 98% pure) for fungi were used as positive controls. The tested Electronic reprint for personal use
